Increased use of stimulant medication, such as methylphenidate, by healthy college students has raised questions about its cognitiveenhancing effects. Methylphenidate acts by increasing extracellular catecholamine levels and is generally accepted to remediate cognitive and reward deficits in patients with attention deficit hyperactivity disorder. However, the cognitive-enhancing effects of such 'smart drugs' in the healthy population are still unclear. Here, we investigated effects of methylphenidate (Ritalin, 20 mg) on reward and punishment learning in healthy students (N ¼ 19) in a within-subject, double-blind, placebo-controlled cross-over design. Results revealed that methylphenidate effects varied both as a function of task demands and as a function of baseline working memory capacity. Specifically, methylphenidate improved reward vs punishment learning in high-working memory subjects, whereas it impaired reward vs punishment learning in low-working memory subjects. These results contribute to our understanding of individual differences in the cognitiveenhancing effects of methylphenidate in the healthy population. Moreover, they highlight the importance of taking into account both inter-and intra-individual differences in dopaminergic drug research.
INTRODUCTION
Psychostimulants such as methylphenidate (MPH) are the first-line medication treatment of attention deficit hyperactivity disorder (ADHD). In the clinical context, MPH decreases symptoms of inattention and hyperactivity (Faraone and Buitelaar, 2010) and may improve attentional and academic performance (Marcus and Durkin, 2011; Wigal et al, 2011) . However, recent surveys report that healthy college students also increasingly use these stimulants to enhance concentration and study performance (Bundt et al, 2012; Smith and Farah, 2011) . This raises questions about their cognitive-enhancing effects in the healthy population (Greely et al, 2008) . MPH primarily acts by blocking the dopamine transporter (DAT), which removes excessive dopamine from the synaptic cleft, resulting in the increase of extracellular dopamine levels (Volkow et al, 2002) . In ADHD, MPH is thought to be effective by restoring deficient catecholamine levels. However, effects are still unclear in the healthy population, in which catecholamine levels are generally assumed to be relatively optimized in comparison to individuals with disorders that implicate dopamine.
There is a large variability in the cognitive-enhancing effects of psychostimulants in healthy adults (Smith and Farah, 2011) and there are numerous factors that may contribute to this variability. First, dopaminergic drug effects can vary as a function of task demands, so that some tasks are improved while other tasks are impaired (Cools and D'Esposito, 2011) . For example, administration of dopamine receptor agonists improves learning from reward while impairing learning from punishment in the same subjects (Bodi et al, 2009; Cools et al, 2009; Frank and O'Reilly, 2006) . This concurs with observations that psychostimulant treatment such as methylphenidate improves reward but not punishment learning in patients with ADHD (Frank et al, 2007) . Such differential effects likely reflect distinct optimal levels of striatal dopamine, with high dopamine levels facilitating learning from reward and low dopamine levels facilitating learning from punishment (Frank, 2005) . Here we assessed whether methylphenidate also has opposite effects on reward and punishment learning in healthy adults, thus extending methylphenidate's therapeutic effects in ADHD (Frank et al, 2007) to effects of so-called cognitive enhancers in the healthy population. A second factor is the large interindividual variability in drug response (Cools and D'Esposito, 2011) . The same drug and doses can have different, even opposite, effects between different individuals depending on clinical condition (Mehta et al, 2004; Voon et al, 2010) , baseline working memory capacity (Frank and O'Reilly, 2006; Kimberg et al, 1997; Mehta et al, 2000; Mehta et al, 2001; van der Schaaf et al, 2012) , and baseline levels of dopamine function as measured with positron emission tomography (PET) (Cools et al, 2009 ). For example, bromocriptine was shown to improve reward learning in subjects with low baseline levels of dopamine synthesis capacity, whereas impairing it in subjects with high baseline levels of dopamine synthesis capacity (Cools et al, 2009) . Accordingly, it has been suggested that the effects of dopamine receptor agents depend on the baseline state of the system (Cools and D'Esposito, 2011) . By analogy, effects of MPH might also depend on the baseline state of the system.
To test these hypotheses, we administered a single dose of methylphenidate and placebo to healthy controls in a double-blind, placebo-controlled cross-over design and we stratified our drug effects by baseline working memory capacity; a measure that has previously been shown to be positively associated with striatal dopamine synthesis capacity (Cools et al, 2008; Landau et al, 2009) . The direction of the relationship between MPH effects and baseline working memory capacity might parallel that seen for dopamine receptor agonists (Cools et al, 2009; Frank and O'Reilly, 2006; Mehta et al, 2000 Mehta et al, , 2001 , with greater improvements in reward vs punishment learning in lowthan high-working memory subjects. Alternatively, it has been proposed that DAT blockade leads to larger increases in extracellular dopamine in subjects with a higher rate of dopamine release (Volkow et al, 2002) . This is supported by animal work showing baseline-dependent effects of DAT blockade on extracellular dopamine concentrations (Hooks et al, 1992) . Accordingly, together with the literature reviewed above, an alternative hypothesis would be that MPH would induce larger improvements on reward vs punishment learning in subjects with high-working memory capacity.
MATERIALS AND METHODS

Subjects
Twenty-four subjects, recruited via campus advertisements, gave written informed consent approved by the local research ethics committee ('Commissie Mensgebonden Onderzoek', Arnhem-Nijmegen, number 2010/283) and were compensated for participation. The current task was part of a larger protocol and was preceded by a functional magnetic resonance imaging (fMRI) experiment and followed by two behavioral experiments (reported elsewhere). Five non-native Dutch speakers (ie, German) were excluded from analysis because good practice of the Dutch language was essential for optimal assessment of baseline working memory capacity as measured with the listening span and digit span. The remaining 19 subjects (mean age: 20.9 years, range: 19.0-24.4) were healthy, right-handed men (9) and women (10) with no relevant medical/ psychiatric history or a history of drug abuse and/or dependence. Other exclusion criteria included fulfillment of ADHD criteria, family history of schizophrenia, bipolar disorder, depression or neurological abnormalities, alcohol use of more than 20 units per week, habitual smoking (420 cigarettes per week), use of prescribed or over-the-counter medication within the last month (with the exception of occasional paracetamol and anti-conceptive medication), use of recreational drugs within 2 weeks before testing, and a history of frequent use of recreational drugs or psychotropic medication (cannabis: more than biweekly on average or periods using more than weekly; other recreational drugs (eg cocaine, amphetamines): more than five times ever; psychotropic medication: more than biweekly or periods of using more than five times weekly).
Intake Procedure
During a first intake, all subjects were screened by a medical doctor (NtH) and psychologist (MvdS), which included physical examination of weight, pulse rate, and blood pressure, medical examination and administration of the Mini-International Neuropsychiatric Interview (M.I.N.I.) (Sheehan et al, 1998) , to exclude psychiatric, neurological, and medical history. Subjects were requested to complete questionnaires including the Beck Depression Inventory (Beck et al, 1961) , Trait Anxiety Inventory (STAI) (Spielberger et al, 1970) , and Barratt Impulsiveness Scale (BIS) (Patton et al, 1995) . Symptoms of hyperactivity and attention deficits were assessed with the ADHD self-report screening questionnaire (DuPaul et al, 1998) . Verbal Intelligence was assessed with the Dutch Adult Reading Test (NLV) (Schmand et al, 1991) . A baseline measure of working memory capacity was assessed during intake with a Dutch version of the listening span (Daneman and Carpenter, 1980) and the digit span (Groth-Marnat, 2001 ).
Pharmacological Design and Session Procedures
A within-subject, double-blind, placebo-controlled crossover design was employed. Subjects were tested after administration of MPH (Ritalin, 20 mg) or placebo on two different occasions, separated by at least 1 week. All subjects abstained from alcohol or over-the-counter medication 24 h before testing and caffeine on the day of testing. They were asked to have a light breakfast one hour before arrival, similar across both sessions. The reversal learning task was assessed B165 min after drug intake for B20 min, directly followed by the digit span. Ritalin is effective for B4 h with peak plasma levels 90 min after dosing (Swanson et al, 2003) . Although time of testing was optimized for the preceding fMRI paradigm, assessment of the current task coincided with the active time window of drug effects. Physiology and mood were assessed B15 min prior (T1), B30 min after (T2) and B210 min (T3) after drug intake. See Supplementary Materials and Methods for analyses and results of physiology and mood. drug sessions. As in our previous report (van der Schaaf et al, 2012) , the average total digit span across all three assessments was selected for drug stratification, because it was thought to provide a more reliable estimate of working memory capacity owing to the fact that is was administered repeatedly. For each session, the individual total score on the digit span forward and digit span backward was calculated. These total scores were averaged across the three assessments and used as a covariate of interest in the behavioral analysis (see further below). In addition to the digit span, the listening span (Daneman and Carpenter, 1980) was assessed during intake (two missing values). To confirm our baseline-dependent results, supplementary analyses were done with listening span and the digit span assessed during intake (Supplementary Materials and Methods).
Reversal Learning Paradigm
We employed a reversal learning task used previously (Cools et al, 2006) (Figure 1 ). Two stimuli, a face and a scene, were presented simultaneously on the screen (location randomized). One of these stimuli was associated with reward and the other with punishment (or reward omission, note that we cannot disentangle the two). Subjects were required to learn these deterministic stimulus-outcome associations. Unlike standard (probabilistic) reversal paradigms, subjects did not choose between the two stimuli. Instead, one of the stimuli was already selected by the computer (highlighted with a black border) and subjects were asked to predict the outcome of this preselected stimulus. After the prediction, indicated with a right index or middle finger button press (counterbalanced between subjects), the actual outcome was presented after a 1000-ms delay for 500 ms at the location of the stimulus. There was no time limit to provide a response. Reward consisted of a green smiley with a ' þ $100' sign. Punishment consisted of a red sad smiley and a ' À $100' sign. Note that this outcome did not depend on subjects' responses but was directly coupled to the stimulus. After 4-6 consecutive correct predictions the stimulus-outcome contingency reversed. This was either signaled by an unexpected reward, presented after the previously punished stimulus was highlighted, or by an unexpected punishment, presented after the previously rewarded stimulus was highlighted. Accuracy on the trials directly following these unexpected outcomes (reversal trials) represents how well subjects updated their stimulusoutcome associations. After unexpected outcomes, the same stimulus was highlighted again, such that behavioral and cognitive requirements were matched between valence conditions. Each participant performed four experimental blocks that contained 120 trials: two blocks in which reversals were signaled by unexpected rewards (reward condition) and two blocks in which reversals were signaled by unexpected punishment (punishment condition). Each block consisted of one acquisition stage until the first reversal and a variable number of reversal stages, depending on the participant's accuracy. On average, each participant performed 23.5 ( ± 5.4) and 23.3 ( ± 4.7) reversal stages in the punishment and reward condition, respectively. On each session, subjects performed two practice blocks to familiarize them with the paradigm. Performance in the experimental blocks was above chance level (470% correct) for all subjects and there were no test-retest effects. See Supplementary Materials and Methods for test-retest effects and information about randomization and practice blocks. Two stimuli, a face and a scene, were presented simultaneously. One of the two stimuli was highlighted with a black border and the task was to predict whether this stimulus was followed by reward or punishment, after which the actual outcome was presented (100% deterministic). (b) Example of a trial sequence for the unexpected reward and unexpected punishment condition. The participant learned to predict rewards (rw) and punishments (pn) for the scene and face. Stimulus-outcome associations reversed after 4-6 consecutive correct predictions, signaled by either unexpected reward or unexpected punishment. Measure of interest was the accuracy on reversal trials immediately following the unexpected outcomes.
Behavioral Data Analysis
There were three trial-types per valence condition: reversal, non-reversal reward, and non-reversal punishment. Reversal trials were defined as those trials following an unexpected outcome. Non-reversal trials were defined as those trials following expected outcomes and preceding expected rewards (non-reversal reward) or expected punishments (non-reversal punishment). Only trials from the reversal stages (after the first unexpected outcome) and trials following correct predictions were included in the analysis.
Proportions of correct responses per trial-type were arcsine transformed (2x arcsine(Ox)) as is appropriate when the variance is proportional to the mean (Howell, 1997) . To investigate whether effects of MPH on reversal learning depend on baseline working memory, we employed a repeated measures ANOVA with the within-subject factors: drug (placebo, MPH), valence (reward, punishment), and trial-type (reversal, non-reversal reward, nonreversal punishment); and baseline working memory capacity (mean centered) as covariate of interest. Greenhousse-Geiser correction was applied when sphericity assumption was violated. Linear relationships between valence-dependent learning and baseline working memory capacity were further assessed using Pearson correlation analysis. To this end, valence-dependent reversal learning scores were calculated by computing the difference between the proportion of correct responses on reward and punishment reversal trials. This measure was then correlated with individual measures of baseline working memory. We specifically focused our analyses on relative scores because this measure controls for nonspecific drug effects such as changes in effort, attention, or alertness. The only measure of interest that was not normally distributed was the relative (valence-dependent) reversal score in the MPH condition (Shapiro-Wilk test: P ¼ 0.016, uncorrected for multiple comparisons). Therefore we also report the nonparametric (Spearman's rho) correlation for our primary effect of interest.
Supplementary Win-Stay Lose-Shift Analysis
Both reward and punishment reversal trials required response alternation. Therefore, it could be argued that changes on valence-dependent learning reflect changes in the adoption of a win-stay/lose-shift strategy, ie, the tendency to maintain responding after reward (win-stay) and to alternate responses after punishment (lose-shift). Thus, improvements on reward relative to punishment learning could reflect a bias away from a win-stay/lose-shift strategy or a bias toward a win-shift/lose-stay strategy, rather than increased ability to update reward relative to punishment predictions. To test this alternative hypothesis, we measured the adoption of a win-stay/lose-shift strategy on the non-reversal trials. We calculated accuracy scores for the following four trial-types averaged across valence conditions: non-reversal reward trials after correctly predicted rewards (win-stay) and correctly predicted punishment trials (lose-shift), and non-reversal punishment trials after correctly predicted rewards (win-shift) and correctly predicted punishments (lose-stay). Drug effects were assessed with repeated measures ANOVA with the within-subject factors: drug (placebo, MPH), strategy (stay, shift), and outcome (reward, punishment); and working memory capacity as covariate. Direct associations between drug effects on valence-dependent reversal learning and strategy were assessed with correlation analyses. To this end, individual levels of a win-stay/lose-shift strategy was calculated as ((win-stay þ lose-shift)-(win-shift þ lose-stay)), where higher values reflect a greater adoption of a win-stay/lose-shift strategy.
RESULTS
Subjects
All 19 subjects were healthy and none met DSM-IV criteria for ADHD as measured with the self-report symptom questionnaire (symptoms of inattention child: 1.3 ± 1.6, range: 0-6; adult: 0.6 ± 0.8, range: 0-3; symptoms of hyperactivity child: 1.7±1.6, range: 0-5; adult: 1.3±1.3, range: 0-5) or depression as measured with the Beck Depression Inventory (1.4 ± 2.0, range: 0-5). All had normal levels of trait anxiety (STAI: 30.1±5.5, range: 22-42) and impulsivity (BIS: 61.1 ± 8.0, range: 41-74). There were no associations between these baseline measures and MPH-induced changes on valence-dependent reversal learning (all P40.1).
Effects of MPH on Reward vs Punishment Learning Varied as a Function of Baseline Working Memory Capacity
MPH was predicted to alter reward vs punishment reversal learning as a function of baseline working memory capacity. This was confirmed statistically by a significant drug Â valence Â trial-type Â span interaction (F 16,2 ¼ 12.8, Po0.001). A breakdown of this interaction confirmed that the drug Â valence Â span interaction was significant for the reversal trials (F 17,1 ¼ 23.77, Po0.001), but not for the nonreversal reward (F 17,1 ¼ 0.02, ns) or non-reversal punishment trials (F 17,1 ¼ 2.36, P ¼ 0.2). Correlation analysis revealed a positive relationship between working memory capacity and MPH effects on valence-dependent reversal learning scores (r 19,Pearson ¼ 0.76, Po0.001; r 19,Spearman's rho ¼ 0.72, Po0.001). Thus, we show that MPH improved reward vs punishment learning in high-working memory subjects, while the opposite was seen in low-working memory subjects ( Figure 2 ; Table 1 ; Supplementary Figure S1 ). All baseline-dependent effects were replicated with the digit span and listening span assessed during intake (Supplementary Materials and Methods). MPH did not affect digit span itself (drug Â span: F 18,1 ¼ 0.11, ns; main effect of drug: F 18,1 ¼ 1.12, P ¼ 0.3), also not as a function of digit span assessed during intake (drug Â baseline Â span: F 18,1 ¼ 0.11, ns) ( Table 2) .
Subjective mood and physiology effects were as predicted with higher reports of subjective alertness and positive affect as well as heart rate and systolic and diastolic blood pressure increases after administration of MPH relative to placebo across all subjects (Supplementary Table S1 ). These MPH-induced changes on mood and physiology were not associated with MPH-induced changes on valence-dependent reversal learning (all P40.1) (see Supplementary Materials and Methods for details).
Effects on valence-dependent reversal learning could not be attributed to overall MPH-induced changes on the adoption of a win-stay/lose-shift strategy. Thus, analysis of MPH effects on win-stay/lose-shift strategy did not reveal any span-dependent effect. There was no drug Â strategy Â outcome Â span interaction (F 17,1 ¼ 0.004, ns). Furthermore, correlation analysis revealed that MPH-induced changes on valence-dependent reversal learning were not associated with MPH-induced changes on a win-stay/lose-shift strategy (r 19 ¼ 0.015, ns).
An additional analysis was conducted to assess whether there were MPH effects on response strategy irrespective of working memory capacity. This analysis revealed a significant drug Â strategy Â outcome interaction (F 17 ¼ 6.77, P ¼ 0.019). Post-hoc pair-wise comparisons for each of the four trial-types separately revealed that MPH selectively decreased accuracy on win-shift trials (T 18 ¼ À 4.17, Po0.001), while having no effect on winstay (T 18 ¼ 0.053, P ¼ 0.95), lose-stay (T 18 ¼ 0.25, P ¼ 0.8), and lose-shift trials (T 18 ¼ 5, P ¼ 0.63) ( Table 3) .
DISCUSSION
The increased use of licensed stimulants like MPH by students in educational settings has raised questions about its cognitive-enhancing effects in the healthy population (Greely et al, 2008) . One major issue is the large variability in the effects of such smart drugs on learning and cognition, both within and across individuals. Here we show that effects of MPH on reversal learning vary as function of baseline working memory capacity. Moreover, as predicted, effects of MPH were valence-dependent, so that MPH altered reward relative to punishment learning. Specifically, it improved reward vs punishment learning in high-working memory subjects, while impairing it in low-working memory subjects. These effects could not be accounted for by nonspecific drug effects, for example on alertness or other subjective effects. These results elucidate two factors that contribute to the high variability of smart drug efficacy in the healthy population. First, they demonstrate that effects of MPH on learning vary within individuals as a function of the specific demands of the task, with differential effects on reward and punishment learning. Second, they demonstrate that effects of MPH on learning vary between individuals as a function of baseline working memory capacity, with opposite MPH effects in high-and low-working memory subjects. These results help understand the nature of the large inter-and intra-individual differences in the response to smart drugs like MPH. Our results are generally consistent with previous work demonstrating opposite effects of dopaminergic drugs on reward and punishment learning in healthy subjects (Cools et al, 2009; Frank and O'Reilly, 2006; van der Schaaf et al, 2012) and further support computational modeling work, which suggests that striatal dopamine shifts the balance between reward and punishment learning (Frank, 2005; Maia and Frank, 2011) . More specifically, we observed that MPH induced a larger improvement in reward vs punishment learning in subjects with higher baseline working memory capacity. This observation is particularly relevant in the context of smart drug use in universities (Greely et al, 2008; Maher, 2008; Smith and Farah, 2011) , given the large body of evidence supporting a substantial relationship between working memory capacity and general fluid intelligence (eg, Engle et al, 1999) . Thus, general fluid intelligence might help predict whether smart drugs help or hurt. Baseline working memory capacity has been previously shown to be a putative proxy of baseline dopamine synthesis capacity in the striatum (Cools et al, 2008; Landau et al, 2009) . Accordingly, the dependency on working memory capacity might reflect dependency on dopamine synthesis capacity, with larger improvements in reward vs punishment learning in subjects with higher dopamine synthesis capacity. Our results are therefore consistent with the dopamine cell-activity hypothesis (Volkow et al, 2002) , suggesting that DAT blockade induces larger dopamine increases, and thus larger improvements in reward vs punishment learning (Frank, 2005; Maia and Frank, 2011) , in subjects with high relative to low dopamine cell activity (Volkow et al, 2002) . Furthermore, it is also in line, albeit indirectly, with prior work revealing larger MPH-induced impairments on punishment-based reversal learning in subjects with larger MPH-induced increases in dopamine release (Clatworthy et al, 2009) .
It might be noted that the present study revealed MPHinduced impairments in reward vs punishment learning, presumably associated with decreases in dopamine (Frank, 2005) , in subjects with low-working memory capacity. This aspect of our findings is not easily accounted for by the above-described cell-activity hypothesis, unless MPH acts more readily via autoregulatory (D2) systems in low-than in high-working memory/dopamine synthesis subjects. Further investigation is needed to elucidate the involvement of these additional mechanisms in the observed spandependent effects of MPH. Accordingly, we refrain here from definitively interpreting the MPH-induced impairments in mechanistic terms. Instead, we emphasize the relevance of the findings in the context of smart drug use by healthy adults, by suggesting that baseline working memory capacity may provide a valuable prediction measure for individual MPH effects.
At first sight, our findings might appear inconsistent with recent work showing beneficial effects of MPH on various cognitive tasks, in subjects who perform poorly at baseline (Eagle et al, 2007; Finke et al, 2010) , consistent with the well-known inverted-U-shaped relationship between dopamine and cognitive performance (Arnsten, 1997) . However, it should be noted that our study did in fact also reveal improvement in performance in low-span subjects, but only if performance is calculated in terms of punishment vs reward learning. This illustrates one important take-home message of the present study, that effects of MPH improve or impair cognition depending on current task demands.
We did not find any MPH effect on working memory capacity itself, as measured with the digit span. This is consistent with our previous report (van der Schaaf et al, 2012) and various other reports (Oken et al, 1995; Schmedtje et al, 1988; Silber et al, 2006 ; but see Agay et al, 2010) , but in apparent contrast with other studies reporting stimulant effects on more complex spatial working memory tasks (Clatworthy et al, 2009; Mehta et al, 2000) . In addition, the direction of our (positive) association between digit span and MPH's effects on reward vs punishment learning is also in contrast with that observed previously for spatial working memory (Mehta et al, 2000) . Thus, Mehta et al (2000) have reported a negative rather than a positive association between digit span and MPH's effects on spatial working memory. One explanation for this apparent discrepancy could be that the tasks have different cognitive requirements. Indeed, together with prior work by Clatworthy et al (2009) , the current study indicates that the nature of the relationship between the cognitive effects of MPH and the baseline state of the system depends critically on task demands.
MPH sustained subjective feelings of alertness and positive affect over time and increased heart rate and blood pressure across all subjects. Importantly, these nonspecific effects of MPH could not explain the effects of interest on valence-dependent learning, because, unlike our effects of interest, they did not depend on working memory capacity. One possibility is that these effects reflect modulation of (prefrontal) noradrenalin, known to be involved in sympathetic control, attention, and executive functioning (Arnsten, 1997) .
Effects on valence-dependent reversal learning could not be attributed to MPH-induced changes on the adoption of a win-stay/lose-shift strategy as measured on the non-reversal trials. Supplementary analysis did reveal that MPH selectively decreased the tendency to shift responding (on nonreversal punishment trials) after non-reversal reward trials, suggesting enhanced stickiness or response perseveration after reward. Although these results are potentially interesting, our task was not designed to directly assess MPH effects on instrumental response strategy. Accordingly, these results should be considered as preliminary, and future studies specifically designed to assess instrumental response strategy should further explore these potential effects of MPH. Stimulant medication has been shown to ameliorate reward vs punishment learning deficits in patients with ADHD (Frank et al, 2007) . ADHD has been associated with low (spatial) working memory (Barkley, 1997) and striatal dopamine deficiency (Volkow et al, 2009) . Thus, the MPH-induced improvement in ADHD seems at odds with the present finding that MPH impaired reward relative to punishment learning in healthy adults with lowworking memory capacity. This discrepancy might reflect the fact that beneficial effects of MPH on reward learning have been shown only in ADHD patients who have received long-term stimulant treatment. Long-term stimulant treatment might have effects that are quite different from those of acute administration (Robbins, 2002) . Indeed longterm stimulant treatment might induce changes in DAT expression (Fusar-Poli et al, 2012) and/or dopamine signaling (Grace, 1991; Volkow et al, 2012) . Accordingly, the current study of acute MPH administration in the healthy population provides a better model of MPH use in healthy adults, who likely take smart pills only on particular occasions (Smith and Farah, 2011) and not on the longer term.
The finding that MPH has differential effects on reward and punishment learning might have relevance to other task domains, given that many tasks load on either reward or punishment learning. Thus, improved reward (relative to punishment) learning might well translate to enhanced attribution of positive value to study material and thus increase student interest and motivation in schoolwork. In line with that, mesolimbic dopamine is thought to modulate the attribution of incentive salience to stimuli that drive behavior and become the focus of goal-directed behavior (Berridge and Robinson, 1998) . This is further supported by a positive correlation between MPH-induced extracellular dopamine increases and subjective ratings of interest, excitement, and motivation for a mathematical task (Volkow et al, 2004) . Conversely, improved punishment (relative to reward) learning might translate to enhanced attribution of negative value, something characteristic of mood disorders like depression Robinson et al, 2011) . This also raises concerns about possible negative side effects of MPH and highlights the need for further evaluation of both potential risks and benefits of cognitive enhancement in the healthy population. Moreover, future studies are needed to further unravel how changes in reward and punishment learning might contribute to academic performance.
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